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INTRODUCTION
Autism is a behavioral syndrome including prob-
lems in relatedness, communication disorders, and
repetitive and stereotyped patterns of behavior. Evi-
dence of neurobiological abnormalities has been ob-
tained in some cases of autism (1), but in many in-
stances the etiology has been unknown since Kanner’
study (2). Underlying functional and organic brain
abnormalities due to prenatal insults have been
revealed by means of brain imaging studies, elec-
troencephalography (EEG), neuropsychological studies
and so on (3-10). As symptoms of brain damage, about
half or one-third of autistic patients may have elec-
troencephalographic abnormalities and epileptic sei-
zures, respectively. In EEG studies on patients with
autism, epileptic discharges, slowing and/or prema-
turity have been observed in many studies (11-13).
However, foci of EEG paroxysms in autism have
been reported in various regions and the results of
previous studies have been contradictory.
The aim of the present study was to determine
whether there are peculiar localizations and abnor-
malities of epileptic discharges on EEG in autistic
patients.
SUBJECTS AND METHODS
The subjects were 86 autistic patients, ranging
from 2 years and 3 months to 19 years and 5 months
of age (mean +/- SD= 6 years and 3months +/- 3 years
and 6 months), who were referred to the Department
of Child Neurology, National Center Hospital for
Mental, Nervous and Muscular Disorders, National
Center of Neurology and Psychiatry (NCNP) between
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January, 1995 to June, 1998, and had sleep EEGs
recorded. The gender ratio, male to female,was69 : 17.
Their development quotients, DQ (or intelligence quo-
tient, IQ), ranged from 13 to 114 (mean +/- SD=
50.6 +/- 21.7). DQ or IQ was measured by means
of the Enjyoji developmental test, or Binet or WISC
Å [R, respectively. EEGs were recorded during
sleep, induced by medication such as triclofos syrup,
hydrochrolide or pentobarbital, using a digital EEG
machine (Ceegraph C-32, Biologic System Co.), the
electrodes were placed according to the 10/20 inter-
national system. EEGs were stored on photo-discs,
and analyzed using the Brain Atlas IIIs and Dipole
Source Localization (Biologic System Co.). The elec-
trode sites were divided into 4 regions : frontal re-
gion including Fp1, Fp2, F3, F4, F7, F8 and Cz, tempor-
al region including T3, T4, T5 and T6, centro-parietal
region including C3, C4, P3, P4 and Pz, and occipital
region including O1 and O2. The EEG assessment
was performed blindly by two physicians (psychia-
trist in the EEG laboratory and T. Hashimoto).When
the two physicians agreed, the EEG findings were
judged to be abnormal.
The diagnosis of autismwasmade using theDSM-IV
criteria. Five patients showed regressive autism spec-
trum disorders. Eighteen patients had a history of
seizures. The backgrounds of the subjects were com-
pared as groups with and without spikes.
The Student t test and chi square test were used
for statistical analysis.
RESULTS
There were no differences in the mean age, sex
ratio and percentage of regression between the groups
with and without spikes. However, the DQ (IQ) and
percentage of cases with seizures were lower and
higher, respectively, in cases with spikes than in
those without spikes (Table 1).
Spike discharges were observed in 37 cases (43%),
and abnormal sleep spindles, such as the scarce ap-
pearance and/or alternate appearance of sleep spin-
dles, were observed in 11 (12.8%) of the 86 autistic
patients. Twenty-seven (73%) of these 37 cases had
localized spikes, 8 had multiple spike foci, one had
generalized spikes, and one had both multiple spike
foci and generalized spikes (Fig. 2a, b). Thirty-six cases,
the exception being one with generalized spikes,
exhibited a total of 47 spike foci. Thirty-six (76.6%)
of the 47 registered spike foci were in the frontal
region, one (2.1%) in the temporal region, 7 (14.1%)
in the centro-parietal region, and 3 (6.4%) in the
occipital region. Twenty (55.6%) of the 36 frontal
spikes were at midline (11 at Fz and 9 at Cz), 8 on
the left side, and 8 on the right side. In the centro-parietal
region, 2 were on the left side, 4 on the right side,
and one at midline. In the occipital region, two were
on the left side and one on the right side. In the
temporal region, one was on the left side. The num-
bers of spikes did not differ between the left and
right hemispheres (13 spikes on the left side and
13 spikes on the right side) (Figs. 1 and 3). The spikes
at the frontal midline were analyzed for mapping
and a single dipole source by means of the Brain Atlas
Table 1. The backgrounds of the subjects.
Cases with spikes
(n=37)
Cases without spikes
(n=49)
age (months)
sex ratio (M : F)
DQ (IQ)
seizures (+)
regression
78.6 +/- 49.2
30 : 7
43.1 +/- 17.0
13/37 (35.1%)
2/37 (5.4%)
70.3 +/- 36.6
39 : 10
56.2 +/- 23.2＊＊
5/49 (10.2%)＊
3/49 (6.1%)
＊＊ : p<0.005 (Student t test), ＊ : p<0.05 (chi-square test)
Fig. 1 The frequencies and localization of epileptic discharges in autism.
＊One case had both mutifocal spikes and generalized epileptic discharges.
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IIIs and Dipole Source Localization. Fig. 4a, b and c
show a typical case with a frontal midline spike focus
(Fz). Mapping of spikes at Fz was also performed.
Spikes extended from Fz to F4 and Fp2. The dipole
of these midline frontal spikes was in the deep fron-
tal region at the midline and directed to the upper
right anterior region.
DISCUSSION
In autism, EEG studies have revealed a high rate
of epileptic EEG abnormalities. Small (14) documented
a relationship between EEG and IQ, in that the in-
cidence of mental retardation was higher in the group
with EEG abnormalities. Kawasaki et al. (7) reported
that there was a significant relationship between
the presence of epilepsy and the occurrence of spikes.
The backgrouds of the subjects in the present study
were consistent with those of previously reported
study subjects.
Although the focus of spike discharges has been
reported to be the centro-temporal (8), temporal
(15, 16), or frontal (7) region, there has been no
consensus. Kawasaki et al . reported that spike dis-
charges on EEG became focused to the frontal re-
gion with increasing age (7). The prevalence of this
EEG abnormality became increasingly greater with
the number of EEG recordings. In the present study
abnormal spike discharges were observed in 43%
of 86 cases with autism. This result was consistent
with those previously reported (17.6 - 60.8%) (7, 17).
In the present study, a normal control study was not
performed. However, the incidence of epileptiform
abnormalities observed on EEG in children without
epilepsy has been reported to be 3.5-4.0% (18, 19).
In comparison, 43% had spike discharges in the
present study.
The focus of spike discharges was mostly in the
frontal region, especially at midline (Fz and Cz). The
dipole of midline spike discharges present in the
deep frontal midline region may represent the
cingulate gyrus. The frontal dominance of spikes is
consistent with the findings of Kawasaki et al . (7).
It is important to note that 22/37 cases (59.5%) and
a b
Fig. 2 Epileptic discharges observed in autism. a, 6-year-old girl. She has autism with mental retardation. Her EEG shows multifocal
spikes at both Fz and Pz. b, 2-year-old boy. He has autism with mental retardation. His EEG shows focal spikes at Cz. Calibration, 3
´cm/sec. and 50E V/5 mm.
Fig. 3 Locations of the 47 registered epileptiform discharges.
One ring shows one epileptic discharge focus. There are many
foci at Cz and Fz in the midline region. There was no difference
in the number of spike foci between the two hemispheres.
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36/47 total registered spike foci (76.6%) showed a
frontal spike focus. The frontal region is related to
the theory of mind and executive function (9, 20).
Baron-Cohen et al. hypothesed that in autistic patients
the theory of mind is deficient (21). Happe et al. (9)
found in a PET study that normal controls exhib-
ited an increase in metabolism in the left medial
frontal region (BA 8 and 9) during the theory of mind
test, while Aspergar syndrome patients exhibited an
increase in metabolism in the left frontal region
(BA 10) in front of one of the controls. Haznedar et
al. found, in studies involving MRI and PET, that
autism exhibited decreased glucose metabolism activity
and a volume loss in the cingulate gyrus (Broadman
area 24’) (22). In a PET study, Chugani et al. (6)
found decreased serotonin synthesis in the left fron-
tal cortex and thalamus in 5 of 7 boys, and in the right
frontal cortex and thalamus in the remaining 2 autis-
tic boys. In a neuropathological study of autistic
brains, Bauman and Kemper observed an increased
cell-packing density and reduced nerve cell size in
the anterior cingulate gyrus, which comprises a major
portion of the limbic system of the brain (3).
In an EEG study, Dawson et al. (23) found that
compared with normally developing children, autis-
tic children exhibited reduced EEG power in the fron-
tal and temporal regions, but not in the parietal
region, and that the differences were more promi-
nent in the left than the right hemisphere. Harrison
et al. (24) presented an adult autistic patient with
results suggestive of left anterior deactivation and
right frontal activation. His quantitative EEG findings
revealed relative activation of the right frontal region
corresponding to deactivation of homologous zones
of the left frontal region.
In the present study, frontal epileptic paroxysms
were highly frequent. Beun et al. (25) observed fron-
tal sharp wave activity during drowsiness and/or light
sleep in 41 of 60 healthy adult volunteers. We did
not judge the sharp waves, which are shown in Figs. 1
and 2 of their publication, to be abnormal waves.
Their subjects were adult in comparison to the chil-
dren in the present study. On the other hand, a pro-
pensity for frontal propagation of paroxysmal discharges
a c
Fig. 4. EEG analysis in autism (9-year-old boy) with typi-
cal frontal midline spikes. a, EEG shows polyspikes at Fz,
denoted by open squares. b, mapping of spikes at Fz.
Spikes extend from Fz to F4 and Fp2. c, dipole source.
There is a single dipole in the deep anterior frontal re-
gion at the midline that is directed to the upper, right and
oral sites.
b
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during sleep has also been mentioned in relation to
epileptic discharges (26). However, the present findings
suggested that the spike discharges observed in the
frontal region in autism represent a dysfunction of the
frontal region, because autistic patients have some fron-
tal lesion signs and/or symptoms such as perseveration,
disturbances of creativity and executive function,
attention disorders, and so on.
Although the focus of spike discharges has been
reported to be the centro-parieto-temporal (8) and
temporal (15, 16), in the present study there were
few centro-temporal spike foci. Moreover, Lewine et al.
(27) observed epileptic activity in the intra-perisylvian
region using magnetoencephalography in children
with regressive autism spectrum disorders. Although
the reason for this discrepancy is unknown, sever-
al factors may contribute to it. One factor may have
been that all chidren in the present study had been
sedated with medication. The second factor is the dif-
ference in the recording methods. We included F7,
F8 and Cz in the frontal region. Cz is anatomically
in the posterior frontal region and so was included
in the frontal region. Olsson et al. (16) reported EEG
abnormalities in the temporal lobes of autistic chil-
dren with epilepsy. However, only one case showed
spikes at F8 in the present study, and this did not
have an affect on our conclusion that F8 should be
included in the temporal region. The third factor is
the difference in subjects. In the present study, there
were only a few patients with regression of symp-
toms. The final factor is that the brain dysfunctions
in autismoccur at several levels, including the brainstem,
cerebellum, limbic system (especially amygdala and
hippocampus) and association cortex (especially fron-
tal lobe). The present cases may be a subgroup with
frontal lesions. Anatomical studies of the autistic
brain have shown deep medial temporal lesions in-
cluding those in the hippocampus and amygdala.
Although the reasons for the few temporal epileptic
discharges are unknown, deep medial temporal le-
sions may be one reason. In future studies the use
of sphenoidal electrodes may be needed.
REFERENCES
1. Gillberg C, Coleman M, eds : The biology of the
autistic syndromes. 2nd ed. Mac Keith Press,
Oxford, 1992.
2. Kanner L : Autistic disturbances of affective con-
tact. Nervous Child 2 : 217-250, 1943.
3. Bauman M, Kemper TL : Histoanatomic obser-
vations of the brain in early infantile autism.
Neurology 35 : 866-874, 1985.
4. Courchesne E, Yeung-Courchesne R, Press GA,
Hesselink JR, Jernigan TL : Hypoplasia of cer-
ebellar vermal lobules VI and VII in autism. New
Engl J Med 318 : 1349-1354, 1988.
5. Hashimoto T, Tayama M, MurakawaK, Yoshimoto
T, Miyazaki M, Harada M, Kuroda Y : Devel-
opment of the brainstem and cerebellum in autis-
tic patients. J Aut Dev Disord 25 : 1-18, 1995.
6. Chugani DC, Muzik O, Rothermel R, Behen
M, Chakraborty P, Mangner T, da Silva EA,
Chugani HT : Altered serotonin synthesis in the
dentatothalamocortical pathway in autistic boys.
Ann Neurol 42 : 666-669, 1997.
7. Kawasaki Y, Yokota K, Shinomiya M, Shimizu
Y, Niwa S : Brief report : electroencephalographic
paroxysmal activities in the frontal area emerged
in middle childhood and during adolescence in
a follow-up study of autism. J Aut Dev Disord
27 : 605-620, 1997.
8. Rossi PG, Parmeggiani A, Bach V, Santucci M,
Visconti P : EEG features and epilepsy in patients
with autism. Brain Dev 17 : 169-174, 1995.
9. Happe F, Ehlers S, Fletcher P, Frith U, Johansson
M, Gillberg C, Dolan R, Frackowisk R, Frith C :
‘Theory of mind’ in the brain. Evidence from
a PET scan study of Asperger syndrome. Neuro
Report 8 : 197-201, 1996.
10. Hoffmann WL, Prior MR: Neuropsychological
dimensions of autism in children : a test of the
hemispheric dysfunction hypothesis. J Clin
Neuropsychol 4 : 27-41, 1982.
11. Tuchman RF, Rapin I, Shinnar S : Autistic and
dysphasic children. II : Epilepsy. Pediatrics 88 :
1219-1225, 1991.
12. Volkmer FR, Nelson DS: Seizure disorders in
autism. J Am Acad Child Adolesc Psychiatr 29 :
127-129, 1990.
13. Tsai LY, TsaiMC, August GJ : Brief report : implica-
tion of EEG diagnoses in the subclassification
of infantile autism. J Aut Dev Disord 15 : 339-
344, 1985.
14. Small JG : EEG and neurophysiological studies
of early infantile autism. Biol Psychiatry 10 : 385-
397, 1975.
15. Riikonen R, Amnell G : Psychiatric disorders in
children with earlier infantile spasms. Dev Med
Child Neurol 23 : 747-760, 1981.
16. Olsson I, Steffenburg S, GillbergC : Epilepsy in autism
and autistic like conditions. A population-based
study. Arch Neurol 45 : 666-668, 1988.
１７９The Journal of Medical Investigation Vol. 48 2001
17. Gubbay SS, LobascherM,Kingerlee P : A neurological
appraisal of autistic children : results of a West-
ern Australian survey. Dev Med Child Neurol
12 : 422-429, 1970.
18. Cavazzuti GB, Cappella L, Nalin A : Longitudinal
study of epileptiform EEG patterns in normal
children. Epilepsia 21 : 43-55, 1980.
19. Autret A, Lucas B, Degiovanni E, deToffol B,
Billard C : A note on the occurrence of unusual
electroencephalographic sleep patterns in select-
ed normal children. J Child Neurol 7 : 422-426,
1992.
20. Happe F, Frith U : The neuropsychology of autism.
Brain 119 : 1377-1400, 1999.
21. Baron-Cohen S, Leslie AM, Frith U : Does the
autistic child have a ‘theory of mind’ ? Cogni-
tion 21 : 37-46, 1985.
22. Haznedar MM, Buchsbaum MS, Metzger M,
Solimando A, Spiegel-Cohen J, Hollander E:
Anterior cingulate gyrus volume and glucose
metabolism in autistic disorder. Am J Psychiatry
154 : 1047-1050, 1997.
23. Dawson G, Klinger LG, Panagiotides H, Lewy
A, Castelloe P: Subgroups of autistic children
based on social behavior display distinct patterns
of brain activity. J Abnormal Child Psychol 23 :
569-583, 1995.
24. Harrison DW, DemareeHA, Shenal BV, Everhart
DE : QEEG assisted neuropsychological evalu-
ation of autism. Intern J Neuroscience 93 : 133-
140, 1998.
25. Beun AM, van Emde Boas W, Dekker E : Sharp
transients in the sleep EEG of healthy adults :
a possible pit fall in the diagnostic assessment
of seizure disorders. Electroencephalogr Clin
Neurophysiol 106 : 44-51, 1998.
26. Wieser HG : Temporal lobe epilepsy, sleep and
arousal : stereo-EEG findings. In : Degen R, Rodin
EA, editors. Epilepsy, sleep and sleep depriva-
tion (Epilepsy Res, Suppl 2). Elsevier Science,
Amsterdam, 1991, pp. 97-119.
27. Lewine JD, Andrews R, Chez M, Patil AA, Devinsky
O, Smith M, Kanner A, Davis JT, FunkeM, Jones
G, Chong B, Provencal S, Weisend M, Lee RP,
Orrison WW : Magnetoencephalographic pat-
terns of epileptiform activity in children with
regressive autism spectrum disorders. Pediat-
rics 104 : 405-418, 1999.
T. Hashimoto et al. EEG in autism１８０
